The role of Chlamydophila pneumoniae in pathogenesis of atherosclerosis is one of the most important discussions in coronary artery diseases. In this study, the relationship between C. pneumoniae seropositivity and atherosclerotic plaque was evaluated among two groups: one group with significant coronary stenosis and one group with normal coronary angiography. Serum C. pneumonia IgM and IgG were evaluated and compared in case and control groups. The seropositivity rates of IgM and IgG antibodies were not statistically differ between case and control groups, although the incidences of positivity were more in case group. The results of our study did not show a correlation between C. pneumonia infection and atherosclerotic plaque or coronary artery stenosis neither in acute nor in chronic infection. More precise studies are needed to clarify the probable inflammatory cascade that starts with C. pneumonia infection and lead to development of atherosclerotic plaque.
Introduction
Atherosclerosis is induced by multiple mechanisms which consist of lipid metabolism imbalance, immune response disequilibrium, and chronic inflammation of the artery wall [1] . Several studies have shown a relationship between the development of atherosclerosis and the presence of infectious diseases [1] [2] . Chlamydophila pneumoniae and several other infectious agents have been reported with an increased risk of vascular damage. Helicobacter pylori, Porphyromonas gingivalis, influenza A virus, cytomegalovirus, herpes virus, hepatitis C virus, and human immunodeficiency virus are causative agents [3] .
Infections may cause atherosclerosis with direct or indirect effects. Recently, studies have shown that these chronic infections are responsible for atherosclerosis, rather than the effects of a single organism. However, the role of infection, as a proinflammatory cause of atherosclerosis, is still controversial in the literature [1] . C. pneumoniae may play an important role in development of atherosclerosis and atherosclerotic plaque [2] . Generally C. pneumonia is one of important causes of pneumonia in human. It also can cause meningoencephalitis, arthritis and myocarditis.
The involvement of C. pneumoniae in chronic diseases may be due to its ability to induce persistent forms in which Chlamydophila remains viable but is not cultivable [4] . The mechanisms of atherosclerosis related to C. pneumoniae infection are not clear [5] .
This study was aimed to evaluate the association between C. pneumoniae and atherosclerotic plaques in coronary artery disease patients with abnormal angiography in Iran.
Materials and Methods
In our study, the relationship between C. pneumoniae seropositivity and atherosclerotic plaque was evaluated. Other risk factors for atherosclerosis were also assessed in case and control groups. Case group were selected from patients with documented coronary artery disease, i.e. those who had atherosclerotic plaque and coronary stenosis more than 50% in at least two vessels. Control group were selected from patients with normal coronary angiograghy.
A total of 90 atherosclerotic patients and 90 control subjects without coronary diseases were included in this study. In our case group 71 patients (79%) were male and 19 patients (21%) were female. The average of age was 45 -87 years with mean age of 65.3 ± 8.7 years. In our control group 41 patients (46%) were male and 49 patients (54%) were female. Although the difference of gender composition in case and control groups may affect the results, it seems that role of other factors were stronger. The average of age was 42 -84 years with mean age of 61.6 ± 9.6 years. Both groups were also evaluated for the presence of risk factors such as age, gender, smoking, hypertension, diabetes, dyslipidemia, family history of coronary artery diseases and the high levels of triglyceride and cholesterol (total, HDL and LDL), ESR, CRP, leukocytosis and thrombocytosis (as acute phase reactants).
Triglyceride and cholesterol was evaluated by enzymatic and CRP was evaluated by immunoassay methods. The presence of serum C. pneumoniae IgG and IgM antibodies were performed by ELISA methods. Although PCR method for detection of C. pneumonia DNA is more precise than serum antibody detection, this method was not performed because of difficulty of preparing specific kits. Echocardiography was preformed for all the patients of case and control groups. Data was analyzed by SSPS software using chi square and Mann Whitney tests. All steps of this study were approved by the Ethical Committee of Bushehr University of Medical Science.
Results
C. pneumoniae antibody seropositivity rate was found 10% (9/90) in case group by ELISA methods, while this rate in control group was about 7% (6/90) ( Table 1) . Despite more patients with seropositivity in case group, statistically no significant difference between case and control groups was detected. P-value was 0.239 for IgM anticlamydophila antibody between case and control groups and was 0.121 for IgM anticlamydophila antibody between case and control groups.
Statistical analysis showed no significant differences between ESR, CRP and hemoglobin level of two groups. Suffering from Diabetes mellitus and hyperlipidemia (including level of triglyceride, LDL cholesterol and HDL cholesterol) were the same in case and control groups.
For all the patients echocardiography was performed. Statistical analysis showed no significant differences in ejection fraction. There were significant differences in WBC and platelet levels of case and control groups. We also detected that patient group suffer from hypertension more than control group. The evaluation of the risk factors revealed that age, dyslipidemia, smoking, diabetes mellitus, ESR level, CRP levels, HDL and LDL cholesterol level and triglyceride level exhibited statistically no significant differences between patient and control groups ( Table 2 ).
Discussion
Coronary artery disease is the leading cause of death in many countries. The underlying mechanism of the chronic inflammatory process in atherosclerosis and atherosclerotic plaque is still unclear. Many viruses and bacteria may be associated with atherosclerotic events and may have a trigger role [3] . Atherosclerosis is thought to be induced by chronic inflammatory process [6] . The synergism of infection with conventional cardiovascular risk factors in atherosclerosis is now debated. It is hypothesized that coronary arterial events may correlate with chronic infection and pathogen agents and is further aggravated by hypercholesterolemia [7] . It is not currently clear what phenomenon causes the chronic inflammation within atherosclerotic plaques. One study suggests that infection with bacteria or viruses can contribute to the pathogenesis of atherosclerosis in direct way of vascular cells or in indirect way by affect of cytokines or acute phase proteins induced by infection at non-vascular sites. This paradigm has been supported by multiple epidemiological studies that have shown positive associations between the risk of cardiovascular disease morbidity and mortality and incidence of infection [8] .
It has also been supported by experimental studies showing an acceleration of the development of atherosclerosis following infection of hyperlipidaemic animal models. There are now a large number of different infectious agents that have been linked with an increased risk of cardiovascular disease. C. pneumoniae, Porphyromonas gingivalis, Helicobacter pylori, influenza A virus, hepatitis C virus, cytomegalovirus, and human immunodeficiency virus are microorganisms that may have role in developing atherosclerosis [3] . However, there are significant differences in the validity of the data supporting their association with cardiovascular disease pathogenesis. In some cases, the infectious agents are found within the plaques and viable organisms can be isolated suggesting a direct effect. In other cases, the association is entirely based on biomarkers [8] .
The role of various microorganisms including C. pneumoniae, have been frequently investigated in the pathogenesis of atherosclerosis [9] . C. pneumoniae is an obligate intracellular respiratory pathogen for humans. Infection by C. pneumoniae may be linked etiologically to extra-respiratory diseases especially atherosclerosis [10] .
The atherogenic actions of C. pneumoniae are dependent upon a high-cholesterol environment in vivo. It is possible that oxidized low-density lipoprotein (oxLDL) is responsible for promoting the atherogenic effects of C. pneumoniae through a stimulation of cell proliferation [11] . Recently, it has been demonstrated that C. pneumoniae up-regulates expression of the lectin-like ox-LDL receptor (LOX-1) in endothelial cells. Many of the proatherogenic effects of ox-LDL occur through its activation and uptake by LOX-1 [12] .
Al-Bannawi's study demonstrated an interactive link between C. pneumoniae and platelets in atherosclerotic patients, leading to induction of potential chemokines and possibly disease development [13] . In order for C. pneumoniae to play a causative role in chronic human disease, it would need to persist within infected tissue for extended periods of time. Current theory suggests that C. pneumoniae may persist at the site of infection via an alternative replicative form, known as an aberrant body. The protein antigens of persistent C. pneumoniae infection found in the atheromatous lesions from patients in this study could potentially be used as markers to detect such infections and some may be virulence factors or immunogens specific to C. pneumoniae, thus serving as target molecules for diagnostic use or therapeutic intervention [14] . Halvorsen's study on 57 patients with carotid artery plaques indicated that persistent C. pneumoniae is not a common phenomenon in ones with carotid atherosclerosis [15] . Since the experimental and clinical research of influence of inflammations on the development of atherosclerosis progressed a lot but no exact evidence of this complicated pathogenic mechanism was found. It will obviously take some time to confirm whether the relation between infections and artherosclerosis is causal, i.e. initiating the pathogenic process, accelerating it or keeping it alive [6] .
In Dogra's study the hypothesis that infection plays a role in atherosclerosis was evaluated; patients in case group received 500 mg of oral azithromycin once daily for 5 days, while the control group did not have azithromycin and there was a positive correlation between azithromycin and secondary prevention of coronary artery disease [16] .
In this study we choose our case group from patients with documented coronary artery disease, i.e. those who had atherosclerotic plaque and coronary stenosis more than 50% in at least two vessels. By this choosing the involvement of coronary artery was obvious and other factor can be evaluated according to it. C. pneumoniae was assessed by using IgM seroevaluation that shows acute infection and IgG seroevaluation that indicates chronic infection or infection in the past. The results of our study could not make a correlation between C. pneumoniae infection and atherosclerotic plaque or coronary artery stenosis neither in acute nor in chronic infection.
Conclusion
Despite this result we cannot deny the probable role of this organism in developing atherosclerosis that may be due to an indirect effect not a direct one. Precise studies are needed to clarify that the probable inflammatory cascade starts with C. pneumoniae infection and lead to development of atherosclerotic plaque.
